Background: Fertility using horse frozen-thawed semen remains lower than in other livestock species. This fact suggests that horse semen hold intrinsic sensitivity to cryoinjury that must be investigated. Moreover, there is substantial evidence of genetic factors upon horse cryopreservation outcome. Nonetheless, diluent and cryoprotectant choice for horse semen cryopreservation are under intense research. Thus these factors could be explored to identify conditions that may increase semen viability after thawing. The aim of this work was to evaluate the effect of diluents Botu-Crio ® , Lactose-EDTA ® , and INRA-82 ® on cryopreserved semen from stallions with high (HFA) and low freezability (LFA). Materials, Methods & Results: Frozen-thawed semen was evaluated for motility and membrane integrity using computerassisted semen analysis (CASA), and also inferred for sperm DNA fragmentation by sperm chromatin structure assay during the thermoresistance test (TRT). Comparisons for each parameter were done in a pair-wise fashion between HFA and LFA semen at one-hour intervals during the TRT (0 h -4 h). Sperm motility in HFA, regardless of the diluent, was larger (P < 0.05) than LFA, both on 0h and 1h. In the 2h evaluation, sperm motility using Botu-Crio ® and Lactose-EDTA ® was greater (P < 0.05) for HFA. Analysis of sperm membrane integrity was similar between HFA and LFA semen (P > 0.05) at 0 h and 3 h. Sperm DNA fragmentation was lower (P < 0.05) in HFA semen at 0 h and 1 h. Discussion: Artificial insemination in horses using frozen-thawed semen is gaining wider acceptance under commercial settings, although its current limited outreach due to low semen viability after thawing. Therefore, several efforts were made toward modifying horse semen cryopreservation methodologies to meet the market demand, particularly for breeds that display low semen freezability under a regular basis. Frozen-thawed semen from stallions of high freezing ability showed greater motility at all analysis, irrespectively of diluent choice, suggesting a strong influence of genetic factors on cryopreservation outcome under the experimental conditions described in the text. Nonetheless, the diluent choice did affect motility for LFA stallions, and cryopreservation protocols including lower glycerol concentrations seem more promising. Membrane integrity was similar immediately after thawing but did differ later on other TRT time-points, irrespectively of diluent choice. As observed for motility, it was expected that sperm cells of stallions of HFA would show higher membrane integrity than their LFA counterparts. Hence, the diluent choice is relevant for semen cryopreservation from LFA stallions. This fact is supported by the well-described correlation between sperm membrane viability and motility. Sperm DNA fragmentation was quite low for both groups, as generally described in horses. Surprisingly, sperm DNA fragmentation incidence was constant throughout the analysis for both HFA and LFA. It was initially envisioned that increased DNA fragmentation would be found in semen from LFA stallions since it is caused by multiple origins such as genetic factors. Therefore, it can be suggested that sperm DNA integrity was more influenced by the balance of genetic and environmental factors during gametogenesis than the TRT assay. In conclusion, the semen diluent affects horse sperm motility after thawing, particularly from stallions with lower semen freezability.
INTRODUCTION
The approval of artificial insemination usage in horse breeding programs by most breed associations intensified research on this biotechnology, particularly due to its potential for semen storage from valuable stallions for unlimited periods of time. However, fertility rates using horse frozen-thawed semen is consistently lower than in other species [4, 30] , thus suggesting that horse semen is particularly sensitive to cryoinjury [19, 33] .
Semen cryotolerance in horses depends upon genetic factors and cryopreservation protocol [2, 38] , such as diluent and cryoprotectant choice [2, 28] . For these reasons, the effect of individual stallions has been extensively investigated throughout the years, aiming to identify factors associated to semen cryotolerance in horses, especially for stallions classified as holding low semen freezability potential [12, 15, 18, 32, 33, 39] .
Diluent and cryoprotectant choice for horse semen cryopreservation is under intense investigation [12, 18, 30, 38] , aiming to reduce toxicity and osmotic stress during cryopreservation [12, 14, 26] . Several parameters are used to measure horse semen cryotolerance, such as sperm motility [1,2], sperm membrane integrity and acrosome and mitochondria viability [8, 30] , zona pellucida binding assays [27, 36] , and incidence of DNA fragmentation [20, 32] . Based on the facts above, the interplay between horse breed and cryopreservation protocol plays a major role on semen cryotolerance in horses.
Thus, the work aimed to compare the efficiency of semen diluent choice on horse semen cryopreservation using stallions of high freezability (HFA) and low freezability (LFA) evaluating sperm motility, membrane integrity, and DNA fragmentation during a thermoresistance test.
MATERIALS AND METHODS

Stallions and semen collection
A total of 13 stallions were used throughout the experiment, where four stallions from Westfalen, Arabian, Hanoverian and Quarter Horse breeds formed the HFA group (one of each breed). In contrast, nine stallions from the Mangalarga Marchador breed were used for the LFA group. Stallions that display semen with post-thaw motility lower than 30% over multiple collections were considered as LFA [11] . All stallions had four to twelve years of age, of proven fertility, known cryotolerance potential and were further subject to semen collection regimen before the experiment.
Semen collection was performed with artificial vagina warmed at 42°C, using a phantom or mare in estrus. The ejaculate was initially filtered to remove gel and final semen volume was than measured. A semen aliquot was immediately used for analysis (fresh sample), while the other sample was diluted in Botu-Sêmen ® diluent1 in a 1 : 2 dilution and divided into three even samples before centrifugation at 600 g for 10 min. After removing the supernatant, semen pellets were resuspended in three diluents, namely Botu-Crio ®1 [5, 32] , INRA-82 ®2 [3] , and Lactose-EDTA ®3 [9, 23] . Semen was further diluted in order to obtain a final concentration of 100 x 10 6 viable sperm cells mL-1 and then loaded into 0.5 mL straws. Moreover, semen straws were cooled at 5 o C for 20 min for Botu-Crio ® straws, 90 min for INRA-82 ® straws, while Lactose-EDTA ® straws were not subjected to this step, according to manufacturer recommendations [9, 23] . After stabilization at 5 o C, all straws remained in nitrogen steam for 15 min and immersed in liquid nitrogen at -196°C for long-term storage.
Semen analysis
Frozen-thawed semen was initially evaluated immediately after thawing at 46°C for 20 s, subject to TRT test at 37ºC for 4 h and evaluated at one-hour intervals. Frozen-thawed semen was evaluated for sperm motility on computer analysis sperm assay (CASA), as described previously [25] . Membrane integrity was carried out by fluorescence microscopy using 6-carboxifluorescein diacetate probes associated to propidium iodide [17] . Sperm DNA fragmentation was performed by sperm chromatin structure assay (SCSA), as reported by others [35] .
Statistical analysis
The data recorded as percentages was tested for normality using the Kolmogorov-Smirnov test [24] and further subjected to arcsin transformation. The data after transformation as subject to ANOVA. Mean comparisons were determined by Tukey's test with a confidence level of 95%.
RESULTS
The comparisons for sperm motility, sperm membrane integrity, and sperm DNA fragmentation between stallions of HFA and LFA were performed during a five-time point period on TRT assay with one-hour intervals and among the three diluents. Table 1 contains the relative percentages for sperm motility immediately after thawing and during the TRT assay. It can be noted that semen from HFA stallions had higher (P < 0.05) sperm motility than LFA stallions, irrespectively of diluent choice, both immediately after thawing (0 h) and at 1 h. Similar results were obtained at 2 h, where semen motility using Botu-Crio ® and Lactose-EDTA ® diluents was higher (P < 0.05) on semen from HFA stallions, although INRA-82 ® diluent did not lead to similar results. For the remaining TRT intervals, no difference was observed within diluents (P > 0.05). Table 1 also describes, in terms of diluent choice, sperm motility immediately after thawing was higher (P < 0.05) on Botu-Crio ® than other diluents, for both HFA and LFA stallions. On the same analysis, sperm motility on INRA-82 ® was higher (P < 0.05) than Lactose-EDTA ® diluent only for HFA stallions. Furthermore, sperm motility using Botu-Crio ® was higher (P < 0.05) than INRA-82 ® and Lactose-EDTA ® after 2 h and 3 h on TRT on semen of stallions from both HFA and LFA.
The results on Table 2 show sperm membrane integrity analysis. There was no difference (P > 0.05) immediately after thawing and at 3 h between HFA and LFA semen. However, for the remaining time points, sperm membrane integrity was higher in the HFA group (P < 0.05) than the LFA.
The comparisons among diluents showed that Botu-Crio ® was similar to INRA-82 ® (P > 0.05) but more efficient than Lactose-EDTA ® (P < 0.05) immediately after thawing and at 1h for both LFA and HFA groups (Table 2) . Moreover, Botu-Crio ® was more efficient (P < 0.05) than INRA-82 ® and Lactose-EDTA ® within initial three hours. The INRA-82 ® and Lactose-EDTA ® diluents were similar throughout TRT analysis (P > 0.05).
The results on Table 3 show sperm DNA fragmentation, both at 0 h and 1 h of TRT. Irrespectively of diluent choice, DNA fragmentation was lower (P < 0.05) on HFA group. For the remaining time points, there was no difference among groups (P > 0.05).
DISCUSSION
Artificial insemination in horses using frozenthawed semen in gaining wider acceptance under commercial conditions, despite its current limited outreach compared to the cattle industry. Thus, several efforts have been made toward modifying horse semen cryopreservation protocols [10, 16] 
Frozen-thawed semen from stallions of high freezing ability showed greater motility at all analysis, irrespectively of diluent choice, suggesting a strong influence of genetic factors on cryopreservation outcome [1, 38] . These results are in agreement with the hypothesis that yet unidentified factors that cause high freezing ability play a major role on horse semen survival after cryopreservation. This ability may be acquired by differences in sperm membrane composition, that varies across horse breeds and correlates with semen freezability, as proposed by Holt [18] .
Botu-Crio ® increased the survival of sperm cells from LFA stallions. Frozen-thawed semen should display minimum requirements to be used for artificial insemination, the reason why CBRA [7] established that frozen-thawed semen should display motility of 30% or greater. By taking this requirement into account, Botu-Crio ® diluent should be used for both animals of high and low freezability. Under the same reasoning, it is convenient to state that INRA-82 ® diluent should be used for semen of high freezability, while Lactose-EDTA ® should not be recommended for this purpose. The results described here are not integrally in accordance to other researchers [5,12,14], possibly due to the numerous traits evaluated in each report, differences in experimental conditions and possibly other unidentified factors. Membrane integrity was similar immediately after thawing but did differ later on other TRT time-points, irrespectively of diluent choice. As observed for motility, it was expected that sperm cells of stallions of HFA would show higher membrane integrity than their LFA counterparts. This finding suggests the protection exerted by sperm membrane is less pronounced in some animals, a fact that can explain why artificial insemination is lower in stallions of LFA. This hypothesis is supported by Holt [18] , since the author mentioned possible differences in membrane composition among horse breeds.
The Lactose-EDTA ® diluent was less efficient to maintain membrane integrity than Botu-Crio ® and similar to INRA-82 ® . However, this later diluent was similar to Botu-Crio ® . In an independent comparison of semen diluents for stallion semen cryopreservation, Terraciano and co-workers [37] observed that BotuCrio ® showed greater sperm membrane integrity. It was initially hypothesized that Botu-Crio ® would be more efficient, based on its composition that includes cryoprotectants of amine groups, thus displaying lower molecular weight, which allows faster penetrance on sperm cells during cryopreservation and ultimately leads to greater sperm membrane protection. According to Ferreira and co-workers [12] , the Botu-Crio ® is composed of intracellular cryoprotectants, such as the amine derived ones, and may be associated with low glycerol concentrations, probably by using 4% methylformamide and 1% glycerol. Therefore, it differs sharply from other diluents that are formulated with 3% glycerol or more, and that should be avoided for cryopreservation of semen from LFA stallions.
Sperm DNA fragmentation was quite low for both groups, as described in horses [29, 34] , and other species [6, 22] . Surprisingly, sperm DNA fragmentation incidence was constant throughout the analysis for both HFA and LFA. It was initially envisioned that increased DNA fragmentation would be found in semen from LFA stallions, since it is caused by multiple origins such as genetic factors [15, 21] . Moreover, frozenthawed horse semen displayed variable resistance to sperm DNA fragmentation under in vitro conditions [20, 40] , possibly due to assay-intrinsic factors.
CONCLUSION
The semen diluent affects horse sperm motility after thawing, particularl y from stallions with lower semen freezability. 
